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PREFACE 


The Bureau of Mines, in its investigations of the prevention of 
mine explosions, studies the relative hazard of explosion in typical 
coal mines in different parts of the country. The results of some 
of these explosion-hazard investigations have already been given in 
Bulletin 167' and others will be discussed in Bulletin 268, now in 
press, . 

After the disastrous explosion which killed 172 men at the Castle- 
gate mine in Utah on March 8, 1924, the question arose of the ade- 
quacy of the preventive methods used in that district. The Bureau 
of Mines had not then tested the explosibility of coal dust from beds 
mined in Utah. One reason for this was that the bureau had no 
funds to defray the cost of transporting 2,000 miles to the bureau’s 


‘experimental mine near Pittsburgh, Pa., the large amounts of coal 


required for test. Because of the question as to preventive methods 
it seemed desirable to make tests to determine whether the Utah 
coal dust was more explosive because of its high content of volatile 
combustible, including resinous matter, than dusts tested from east- 
rn mines, and whether the percentages of rock dust found necessary 
by tests of eastern coals would be adequate for Utah mines. The 
ederal Government, aside from its veneral interest in mine safety, 
has a proprietary interest in the question, as vast reserves of similar 
coals on the public domain in Utah and Wyoming are being opened 
fo mining under the Federal leasing system. 
efore the explosion disaster at Castlegate, rock-dusting had not 
n used in Utah mines, but watering had been employed since the 
wate dusters mine disaster in 1900, which killed 200 men. The 
‘ring was perhaps done more systematically than in mines in 
ni other part of the country. State regulations required water 
aire laid to the face of all workings and the workings to be 
plosions ny regularly. Although there had been some small ex- 
noe tween the Winterquarters and the Castlegate disasters, 
ne had been serious enough to shake the confidence of the Utah 
mining officials in the efficacy of the watering method. 
See mines of the Book Cliffs field the conditions that affect 
‘on hazards are severe, possibly worse than in any other 
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Tests i ee Jones, L. M., Egy, W. L, and Greenwald, H. P., Coal-Dust Explosion 
1922, 689 pp, Perimental Mine, 1913 to 1918, Inclusive: Bull. 167, Bureau of Mines, 
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IV PREFACE 


coal-mining district in the country. The principal bed mined is 7 
to 24 feet thick and is high-volatile coal, virtually free from part- 
ings carrying impurities. The roof in most of the workings is 
strong massive sandstone, sandy shale, or coal, and the floor is hard 
sandstone or shale. Hence impurities do not get mixed with the 
coal to any extent in mining and loading. Usually in the entries 
a coal roof is left, and any coal that falls from the roof or ribs 
or drops from cars is ground to dust on the hard floor. It has 
been the common practice to pile the cars high above the sides with 
coal, resulting in much coal being spilled along the roadways, 
where it is ground under the wheels. As the coal is clean, this road 
dust is almost pure coal and is very explosive. Watering tends 
to lay the dust, but, as is well known, it is extremely difficult to 
keep coal dust wet in a region of naturally dry air where ventila- 
tion currents evaporate the water and continually carry out large 
amounts as vapor. 

After the Castlegate explosion the State officials conferred with 
the mine operators and then issued special orders which required 
rock-dusting in the intake roads, the use of water on the cutter bars 
of machines in the faces, and the washing down of faces by hose. 
As a result of watering at the face, the air in the returns is humid 
and tends to moisten rock dust so that it will not rise in a cloud 
if an explosion occurs. For protecting the returns the State re- 
quires the use of rock-dust barriers. 

On the main intake roads the ribs and any timbers present are 
generally well rock-dusted, but the floor, especially between the 
rails, becomes covered with coal dust so rapidly that spraying the 
floor from tank cars was tried, although dry rock dust had been 
applied to the ribs and sides of the entry. 

In addition to the dust hazard, another factor of danger in the 
Castlegate district is that fire damp is encountered as the mine 
workings extend farther below the surface. Small percentages of 
fire damp increase the explosibility of dust mixtures, and it was 
desirable to determine the effects on Utah coal-dust and rock-dust 
mixtures. 

The mine operators desired to know the adequacy of the methods 
being employed for preventing explosions, as well as the relative 
explosibility of their dust, so a railroad car was carefully loaded 
with coal samples from four typical mines. This coal was furnished 
and sent to the Bureau of Mines jointly by certain operators and 
the tests described in this paper were made with the dusts ground 
from the four large samples. 

On account of the wide interest among western coal operators 
in the results of these tests and the fact that the results may have 
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a general application to conditions in other mines in Utah and 
Wyoming, including mines that may be opened on Government 
lands, publication of the main facts learned is deemed advisable. 
Although coals from only four mines were tested, the mines chosen 
for test are widely separated, but have much the same natural con- 
ditions, and are believed to be representative of general conditions 
in the Book Cliffs field. 

As the purpose of the tests did not include publication of names, 
the names of the mines and the companies operating the mines are 
withheld. As the bureau has no mandatory powers—these lie wholly 
in the State—the information gathered has been regarded as con- 
fidential. The operators concerned heartily cooperated in the investi- 
gation, they furnished large samples of coal and bore the cost of 
transportation to Pittsburgh, and they have been given detailed 
reports on the relative explosion hazard of their respective mines. 

The testing work was in charge of H. P. Greenwald, assistant 
physicist, assisted by H. C. Howarth, superintendent of the experi- 
mental mine; and was under the general planning and supervision of 
J. W. Paul, then chief of coal-mine investigations, and the 
undersigned, 

Georce 8S. Rice, 
Chief Mining Engineer. 
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EXPLOSIBILITY OF COAL DUST FROM FOUR MINES 
IN UTAH 


By H. P. GrsENwWALp 


INTRODUCTION 


During March, 1925, G. S. Rice, chief mining engineer, and J. W. 
Paul, then chief of coal-mining investigations, of the Bureau of Mines, 
while visiting a number of mines in Carbon County, Utah, arranged 
with the operators of four mines to ship 5-ton samples of run-of-mine 
coal to the bureau’s experimental mine for tests of the explosibility 
of the coal dust. B. W. Dyer, then district mining supervisor, ar- 
ranged for the collection and shipment of the samples, which arrived 
at the experimental mine near Bruceton, Pa., on April 13 and were 
immediately prepared for testing. The first test was made on April 
Ii, the last of the 57 made was completed on July 10, and six weeks 
aa passed before the computation and writing of the test records 
nded. 

This report describes the methods of test and summarizes the re- 
sults of all the tests, but does not take up the application of the test 
results to the conditions existing at any particular mine. Separate 
explosion-hazard reports that apply the figures from this report to 
Hy conditions have been prepared for the operators of each of 
the four mines that supplied the coal. | 


ACKNOWLEDGMENTS 


of nom ledgment is made of the hearty cooperation of the officials 

finan, ee companies from whose mines the samples came and who 

ry : their transportation to the experimental mine. Without 

Pe eration the bureau would be seriously handicapped in its 

tid the explosibility of dust from coals mined in the 

ane tates, and the conditions necessary to safety would remain 
Y 8 matter of speculation. 


COALS TESTED 


i four coals tested are designated in the present report as 4, 
©, and D. The proximate analysis of a coal ordinarily has been — 
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9 EXPLOSIBILITY OF COAL DUST FROM MINES IN UTAH 


used in correlating the explosibility of various coals. The average 
proximate analyses of the coal dusts as prepared for the tests are 
as follows: 

Analyses of coals tested, per cent 


Designation 
A B Cc D 
MOIStUPG6 soo oc on ore See seed dais Sins dele tee ss heed 4.6 2.7 2.6 57 
VolAtile Matter sc osc ccc sc cee ews cees noe Sadie Ganon abctiseemebcccecce 42.2 40. 9 38. 9 41.7 
PiSO0 (COL DONS oo cook oe cies eb ose ek ee Ae ee eo eS A i eee 46.7 44.5 47.8 47.3 
SN es er sat ae hohe ae pn At Pt. ai aren LD Me a en Bal 6.5 11.9 10.7 §.3 
Ash plus moisture._.....-......... 222-22 eee eee eee eee eee eee 11.1 14.6 13.3 11.0 
Ratio of volatile to total combustible. ........._.........-.- 22-22. ee 47.5 47.9 44.9 46.9 


TESTS MADE 


The tests may be divided into groups, as follows: 


1. Standard tests of mixtures of coal and shale: 
(a) Propagation tests. 
(vb) Ignition tests. 

2. Standard tests of mixtures of coal and water: 
(a) Propagation tests. 
(b) Ignition tests. 

3. Special tests of pure coal dust. 


PROCEDURE IN TESTS 
EXPERIMENTAL MINE 


Figure 1 is a plan of the Bureau of Mines experimental mine. 
The coal bed is level and outcrops along a hillside. Two main 
entries about 10 feet wide by 6 feet high are driven back 1,300 feet; 
the entry on the right is called the main entry, and that on the left 
is called the air course. The present tests were made in the inner 
350 feet of each of these entries, which are connected 50 feet from 
the face by a cut-through. This cut-through is the only one open, 
as the others have explosion-proof stoppings in them. The test zone 
has a concrete floor and the ribs and roof have been coated with 
cement applied with a cement gun. 


PLAN OF TESTS 


The purpose of the tests was to determine the amount of inert 
dust or water that must be added to the coal dust being examined 
to make this nonexplosive under various conditions. Whether or not 
an explosion will travel entirely through a zone of dust sometimes 
depends on the method of initiating the explosion. In a mine the 
most violent means of starting a dust explosion are (1) directly by 
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PROCEDURE IN TESTS 3 


n| &blown-out shot and (2) by the ignition of an explosive mixture of 

vy} gas and air. 

| Two classes of tests are made in the experimental mine. In the 
- first class (called ignition tests) a mixture of the coal and shale 
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Fie. 1.—Standard arrangement of propagation tests, showing distribution of dusts in explosion zone 


dusts or the wet coal dust to be tested is distributed from the face 

of the main entry 350 feet toward the mine mouth, and also for 50 

feet through the Jast cut-through, and thence 300 feet toward the 

mouth along the parallel entry or air course. (See fig. 1.) <A 
16204°_97__9 


(So gle 


4 EXPLOSIBILITY OF COAL DUST FROM MINES IN UTAH 


blown-out shot of 4 pounds of FFF black powder is then fired into 
the mixture from a cannon at the face of the entry to determine 
whether or not such a shot will ignite directly the dust mixture 
under test. 

The ignition of an explosive gas mixture gives a more violent 
start to a dust explosion than a blown-out shot. Numerous experi- 
ments of similar character have been made in the experimental 
mine, with the space between the last cut-through and the face of 
the main entry used to confine the gas. The volume so-inclosed is 
roughly 3,000 cubic feet; the length is 50 feet. The present series 
with wet dust included one such experiment. As explosive mixtures 
of gas and air are dangerous to handle, pulverized Pittsburgh coal 
dust was substituted. A 50-foot zone of this finely pulverized Pitts- 
burgh coal dust (85 per cent through 200 mesh) distributed from 
the cannon to the last cut-through gives almost the same starting 
impulse as an explosive mixture of gas and air when ignited by 
a blown-out shot. This coal dust is therefore used in this zone to 
give a strong starting effect in the second class of tests, termed 
propagation tests. Outside of this zone the dust being tested is ar- 
ranged as in the ignition class. Figure 1 shows the arrangement 
of the zones in a propagation test. 


GAS 


After determination of the percentages of added shale necessary to 
prevent ignition and propagation in the absence of gas, tests are made 
to ascertain the amount of shale necessary to counteract the influence 
of the presence in the ventilating current of 1 and of 2 per cent of 
gas. The gas used in such tests is natural gas, which contains some 
ethane and possibly other members of the paraffin group and conse- 
quently has a slightly lower explosive limit than methane. The gas 
is turned into the air current at the orifice of the fan about 1,300 feet 
from the test zone and is thoroughly mixed with the air when it 
reaches the test zone. Tests made from time to time with a flame 
safety lamp and a Burrell methane detector determine when the 
desired percentage of gas is present. Four samples for standard 
laboratory analysis are then taken at different points in the intake 
air. Automatic apparatus takes a sample of the gas in the 50-foot 
ignition zone less than 1 second before the shot is fired, so the exact 
percentage of gas in this zone at the instant of ignition is known 
later. 

SIZE OF DUSTS 


The size of the dust used in explosion tests is determined by the 
size of the road and rib dusts collected in the mines from which the 
coal comes. The coal is crushed so that virtually all will pass a 
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20-mesh sieve. In the present tests dust having 20 per cent through 
200 mesh was selected as most representative of mine conditions. 
Some of the coal as it came from the crusher had 20 to 22.5 per cent 
through 200 mesh and was used without further preparation. The 
remainder contained more than 22.5 per cent of 200-mesh dust and 
separation with an air blast and remixing of the two portions were 
necessary to obtain 20 per cent through 200 mesh. 

The average size of the dust prepared from the four different coals 
follows: 


Size of coal dusts used 


Cumulative per cent passing 
through— 


Designation 
20 48 100 200 
mesh | mesh | mesh | mesh 
7 Sse AMea 2s 29 cae shares esc, marten ance hee ere es gn ences tte ee 99. 5 69. 1 41.4 21.0 
rece ee en eee ee ee eee 99.6 71.1 42.5 21.3 
eg ee ee ee 89. 6 72.3 42.7 20.0 
Perera la N A tet aya 61 be WN Pat ketea eat mese e ea ed tc yeti Che Gloem Ns 09. 5 68. 9 41.3 21.1 


Size variations of the magnitude shown here do not affect the re- 
sults of explosion tests. 


PREPARATION FOR TESTS 


Before each standard test with dust mixtures the test zone of the 
mine is thoroughly cleaned with compressed air. The dust mixtures 
are prepared outside the mine and are transported in closed metal 
cans. The mixed dust is distributed in the mine at the rate of 1 
pound of coal dust per linear foot of entry, except that in the first 
” feet from the cannon 2 pounds are used per foot. The dust is 
equally divided between overhead cross shelves, longitudinal side 
shelves, and the floor. The cross shelves are omitted in the first 50 
eet from the cannon, and 25 pounds of the dust are placed on the 
floor immediately in front of the cannon. The method of distribut- 
ing the dust in the special tests of pure coal dust is given in a later 
‘ection of this report that deals exclusively with such tests. 


SHALE DUST USED 


The shale dust mixed with the coal dusts was obtained by drying 
and crushing shale taken from a drift in strata about 50 feet below 
the level of the mine. When ready for use the shale dust was light 
da and in the tests under discussion averaged 98.6 per cent 
ioe 20 mesh, 75.5 per cent through 48 mesh, 52.9 per cent 
riven 100 mesh, and 38.3 per cent through 200 mesh. Analyses 

Owed an average of 1.5 per cent of moisture and 88.6 per cent of 
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ash. The shale actually contains about 99 per cent of incombustible 
material. The difference between the sum of ash plus moisture and 
total incombustible is due to the presence of carbon dioxide and 
combined water, which appear as volatile matter in a proximate 
analysis. 

PITTSBURGH COAL DUST USED 


Pittsburgh coal dust was used in the zone from the last cut-through 
to the face of the main entry in propagation tests to simulate a gas 
explosion, as already described. This dust was prepared by crush- 
ing and pulverizing lump coal taken from No. 8 room off No. 1 
left entry in the experimental mine. An average of several screen 
tests showed 99.5 per cent through 100 mesh and 83.7 per cent through 
200 mesh. The proximate analysis of the coal dust was as follows: 


Prozrimate analysis of Pittsburgh coal dust, per cent 


MOIS(NT@22 oss 82S eet eet ee oe So ee 1.4 
Volatile matter_____.-____-_.--___-_---------- 38. 6 
POLO CT OT ca oa ar ees ee es he es 55.6 
=) 4 Rp OR Oe eT EN ery CO STEN oe eT Ao OR PNY TS Te PO 4.3 
Ash plus moisture_____-__----_-_----__------_ ee 5.7 
Ratio of volatile to total combustible_._...-.-__.__-___-_-___ 41.1 


Comparison of this analysis with those of the Utah coals shows 
that the Pittsburgh coal dust contained about one-half as much ash 
and moisture as the Utah coals, and the ratio of volatile to total com- 
bustible was 4 to 7 per cent less. Neither difference would cause a 
notable change in the explosibility of pulverized dust from these 
coals; furthermore, the differences oppose each other as far as effect 
on explosibility is concerned. It may be assumed from this that the 
pulverized Pittsburgh coal dust had properties quite similar to those 
of the Utah dusts of the same size, as determined by the amount of 
added rock dust required to prevent propagation of an explosion. 


RESULTS OF TESTS 


The results of the tests are grouped according to the nature of the 
tests, as follows: 


1. Standard tests with coal-shale mixtures: 
(a) Propagation tests without gas. 
(b) Propugation tests with gas. 
(c) Ignition tests without gas. 
2. Standard tests with coal-water mixtures: 
(a) Propagation tests without gas. 
(0) Ignition tests without gas. 
(c) Effect of gas on coal-water mixtures. 
3. Special tests with pure coal dust. 


Theo results are recorded and discussed in the following paragraphs 
in accordance with this outline. 
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STANDARD TESTS OF COAL-SHALE MIXTURES 


Propagation tests without gas.—Eight propagation tests without 
gas were made with mixtures of the four coals and different propor- 
tions of shale. Table 1 gives the more important results of these 
tests. 


TABLE 1—Results of standard propagation tests with coal-shale mixtures 
without gas 


Flame length 
Pressure Maxi- | measured 
mum | from cannon 


flame med Results 


Lbs.{ | Lhs./ 

P.ct.| P.ct.| P. et. in. in | Ft./sec.| Feet | Feet 
WS saree one D.. 45 55 60.0 1 2 400 | Propagation incomplete. 
|, D.. 40 60 64.4 1 1 150} 150 275 | Nonpropagation. 
606.22... C. 40 60 65.3 | a Sees 210 | 250 400 | Propagation incomplete. 
OS aah Sas B.. 40 60 65. 8 1 3 200 | 350 400 | Propagation. 
7) | ee A_. 4 60 64. 4 1 2 190 | 350 Oo. 
rn Co. 35 65 00.7 1 1 21} 125 125 | Nonpropagation. 
71 B.. 35 65 70. 1 1 1 115 | 225 300 Do. 
719... A 35 65 68.9 1 1 150 | 200 37 Do. 


Note.—E 950 refers to stution 950 in the main entry. A 950 refers to station 950 in the air course. 


Table 1 shows that coal D was the only one tried with 55 per cent 
of admixed shale (test 705). The flame extended throughout the 
dust in the air course and to a point 75 feet from the end of the zone 
in the entry, showing that the mixture was unsafe. 

All four coals were tested in mixtures containing 60 per cent of 
shale (tests 704, 696, 709, and 718). Coal D gave a maximum flame 
extension of 275 feet. Coal C gave propagation in the air course, but 
the flame stopped 100 feet short of the end of the zone in the entry. 
Coals B and A gave complete propagation. 

Coals C, B, and A were tested in mixtures containing 65 per cent of 
shale (tests 697, 714, and 719). Propagation was not obtained in any 
test and the flame length ranged from 125 feet with coal C to 375 feet 
with coal A. The flame extension with coal A is longer than is de- 
sirable in a mixture that is to be considered safe. A study of the 
figures in Table 1 in connection with a general knowledge of experi- 
mental mine test results leads to the conclusion that mixtures which 
would prevent continued propagation of an explosion already started 
are as follows: 

Miztures that will prevent propagation 


Rock Incombus- 
dust in tible in 
mixture, mixture, 

Coal per cent per cent 
Da a ah a Olt cece tees 70. 7 
D2 SSS adpaitee ORAS ee ete RRR Re POTS OG) aoe eee ee 71.0 
OB i eee a eh eh ee 69. 7 
Y & Saeco Ror Se ae eS G2 ov ie ee ee eee 66. 2 
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The first three coals are almost alike in explosibility, and the last is 
somewhat less explosive. The total difference between the four coals 
is not large, and the difference between the first three is negligible, as 
duplicate experiments will not show closer results. The percentage 
of incombustible in the mixture is higher than the percentage of shale 
because of the ash and moisture in the coal itself. 

Propagation tests with gas—Fourteen propagation tests were made 
with coal-shale mixtures with gas in the air current. Table 2 gives 
the results of these tests. 


TABLE 2.—Results of stundard propagation tests with coal-shale miztures with 


gur 
Mixture as Pressure Flame 
prepared _ length 
_ | Incom- | Maxi- ae 
’ busti- muni rom 
Tet ea ble in | Gas flame | cannon Results 
No. | used mix- veloc- 
F 950 | A 950 ; 
Coal ; Shale} ture ity 
En- | Air 
try | course 

Pict.) Pict.) Poct. | Poct.| Lbs.Jin* Lbs jin Fl/see. Feet | Feet 
722...) Aq. 30 70 73.3] 1.3 2 2 200 (350 400 | Propagation. 
721_._| AL. 25 75 77.8 1.2 1 1 110 | 225 375 | Nonpropagation. 
720...) A.. 20 80 82.2 19 1 1 120 | 200 250 Bo. 
715___} B_..| 30 70 74.4] 1.1 1 1 170 | 250 400 | Propagation incomplete. 
717_..| Bi. 25 75 78.7] 1.2 1 1 170 | 175 325 | Nonpropagation. 
716__.| B.. 20 80 82.9] 2.0 1 1 125 75 $25 Bo. 
698...| C...| 30 7 74.0 9 2 2 1h 175 400 | Propagation incomplete. 
723...) C...| 25 75 78.3] 1.4 1 1 150 | 200 350 | Nonpropagation. 
699...| C(__.| 20 80 82.7} 1.7 1 1 200; 1530 250 Bo. 
Wl 2x)! Coie 20 80 82.7] 2.0 1 1 145 150 225 Do. 
706...}| D._.| 35 65 68.9 | 1.0 1 2 600 | 350 400 | Propagation. 
708__.] D.. 30 70 73.3 | 1.2 1 1 160 | 27 400 | Propagation incomplete. 
724__.| D.. 25 75 77.8) 1.4 1 1 40; 125 175 | Nonpropagation.. 
707...) D...| 25 75 77.8 | 2.0 1 2 240 | 350 400 | Propagation. 


The results in Table 2 show that the presence of gas in the air cur- 
rent increases the amount of incombustible necessary in the mixed 
dust to prevent propagation of an explosion, a fact demonstrated by 
experimental mine tests a number of years ago. Careful study of all 
the tests before those of Utah coal has shown that the amount of 
additional rock dust necessary to offset gas increases with the amount 
of gas present. The increase progresses at such a rate that 100 per 
cent of incombustible would be required in the dust when 5 per cent 
of gas is present, irrespective of the percentage required when no gas 
is present. Thus, if 50 per cent of incombustible was required to 
prevent propagation in a mixture with no gas, each per cent of gas 
would require an additional 10 per cent of incombustible in order to 
reach 100 per cent of incombustible with 5 per cent of gas. If the 
original requirement without gas was 75 per cent of incombustible, 
then only 5 per cent additional would be required for each per cent 
of gas. It should be noted that 5 per cent is approximately the 
lower explosive limit of the natural gas used. 


Google 


RESULTS OF TESTS 9 


Figure 2 shows graphically jo, 
the behavior of the Utah dusts 
in the presence of gas. The 
diagonal lines are the limiting 
lines for the coals in the pres- 
ence of gas. The limiting 
mixture with no gas varies 
with the kind of coal and the 
kind of test (ignition or propa- 
gation). This necessitates five 
original points for the four 
coals, but from these five 
points the lines slope upward 
so that they all meet at 5 per 
cent of gas and 100 per cent 
of incombustible. The section 
above 3 per cent of gas is 
shown dotted to indicate that 
there are no confirming tests 


INCOMBUSTIBLE IN MIXED DUST, PER CENT 


in that range. 20 
Thi . ° Qo 1 2 3 4 5 
is relation is also shown PER CENT GAS 
in Table 3, in which the re- Fig, 2.—Limiting mmixpured act qUtah coals 
° : with various amounts o re damp in e 
sults given in Table 2 have been air. Upper lines are propagation limits; 
rerrou d lower lines are ignition limits. Letters on 
eT ped. . lines indicate coals to which lines apply 
TaBLE 3.—Comparison of computed and actual results with coal-shale mirtures 
with gas 
, Calcu- 
. Sete Actual Excess 
Test No. Coal Gas lated rock dust | rock dust Results of the test 
used rock dust resent | resent 
required | PF® a 
a | te J 
Per cent| Per cent | Per cent | Per cent 
eS y ieee 1.3 76 70 1—6 | Propagation. 
GG sp Ree y rey 1,2 75 75 0 | Nonpropagation. 
:. RRR RRETT ¥ Les 1.9 79 80 1 Do. 
. ee y | eee 1.1 73 70 1—3 | Propagatiun incomplete. 
iz > ee 1.2 74 75 l Nanpropagation: 
- 2 B_. 2.0 80 80 0 do. 
Mg non nen nee 2 -- Go =.- 9 71 70 1—] | Propagation incomplete. 
97-2 ------- SSS 1.4 75 75 0 | Nonpropagation. 
1) nT tenn ----- nse Ey 77 80 3 Do. 
WG ttt sete e eee eee OG. 2..0 79 SO l Do. 
NR ttt rt eee ----- D._. 1.0 70 65 1—5 | Propagation. 
Wy ttt teen eee -------- D2 pie 71 70 !—] | Propagation incomplete. 
| ee j 1 1.4 73 75 2 | Nonpropagation. 
adi ora bs a 2.0 77 75 1—2 | Propagation. 
Deficiency. 


The data given in Table 3 show that with two exceptions the actual 
‘mount of rock dust in the mixtures was within 3 per cent plus or 
minus that computed as necessary to prevent propagation. In five 
tests (720, 717, 699, 701, and 724), all of which resulted in nonpropa- 
gation, the rock dust was 1 to 3 per cent in excess. In three tests 
(721, 716, and 723) the percentage of rock dust computed as neces- 
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sary was present, and nonpropagation again resulted; but Table 2 
shows that the flame was 325 to 375 feet long in the 400-foot air- 
course branch, and the mixtures are very close to the dividing line. 

In two tests (698 and 708) there was a 1 per cent deficiency in rock 
dust, and propagation was obtained through the air course but not 
through the entry zone. In test 707 there was a 2 per cent deficiency, 
and complete propagation was obtained. In test 715 the rock-dust 
deficiency was 3 per cent; propagation was obtained in the air course, 
but the flame stopped 100 feet short of the end of the zone in the 
entry. In tests 706 and 722 the deficiency was 5 and 6 per cent, 
respectively, and complete propagation was obtained in both tests. 

These results show that the dust from the Utah coals followed the 
same general rule for the effect of gas as all coals tested before. The 
only marked deviation was in test 715, and this was on the side of 
safety, as a mixture which should have given complete propagation 
failed to do so. 

To summarize, the effect of gas on mixtures of the four Utah coals 
with rock dust is such that 7 per cent more of rock dust is required 
for each per cent of gas with coals A, B, and C and 8 per cent more 
with coal . Table 4 indicates the actual amounts necessary. 


TABLE 4.—Pereentage of rock dust in safe mirtures, without and with gas 


Rock dust in safe mixture 
when the gas in the air cur- 


rent is— 
Coal : 
0 per cent) 1 per cent! 2 per cent 
A BF ae eg Min ya ce asi rN Ns Oe eee Pint ee Maa hd 67 v7 81 
b | Ree RAI Ra RT Sa tte HORII A Bren te tests yA PELE RE tr OW, Ree ATM CESS BERNE wee 66 73 80 
bd os i) SoG da: Sots sage anata neadh, Wen GA GALS st Pate Raayatde caine Sec ehct aMatig Sie Se htc 2 Sh dee ds et be te “65 72 79 
WO sa sea es rset Sate asi Mgt ra te i AS Pen aa rl el eee Saad othe Teh Set Satta, 62 70 78 


These figures refer to the percentave of rock dust in the total dust 
present. The percentage of incombustible material in the dust will 
be 3 to 4 per cent higher because of the ash and moisture in the coal 
itself. The rock dust is assumed to contain no appreciable amount 
of combustible material. 


TABLE 5.—TIgnition tests with coal-shale mirtures without gas 


v7, a2 Flame length 
Miistiye ns Pressure _ | measured from 
ne prepared Incom- Maxi- cannon 
: on busti- mum 
Test No. used on SSS he SS Results 
mixture, velocity Air 
¢ she P & i 4 
Coal | Shale E 950 | A 950 Entry Ess 
Per cent) Per cent) Per cent’ Lbs .f/in2| Los.jina Ft./sec.| Feet Feet 
| neers Dievece 75 25} 33.3 3 3 Beh 350 400 | Ignition. | 
ie ete dai shy cat Ce 8s 70 30) 39. 3 0.5 0.5 60 100 175 | Nonignition. 
ed ae ee ree |, ne 7 30 40.2 4 4 400 350 400 | Ignition. 
Et, Eee CaN tata me Ao. 70 30 37.8 2 1 250 350 400 Do. | 
Gee riddance. Dex: 65 35 | 42.2 | 5 5 30 75 125 | Nonignitioa. 
Weds oe Se oe Roo... 65 35 44.5 1 1 125 350) 400 Ignition. , 
(|| en ee Bisee GO 40) 438.8 5 5 20 75 175 | Nonignition. 
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[gnation tests without gas.—Seven ignition tests were made with 
coal-shale mixtures without gas. Table 5 gives the results of these 
tests. 

The Table 5 results show that a smaller amount of admixed rock 
dust is necessary to prevent ignition than to prevent propagation. 
The ignition test is less severe than the propagation test. The latter 
determines whether the mixed dust will continue to propagate an 
explosion already well started, whereas the ignition test determines 
the ability of the mixed dust to ignite and develop an explosion 
from a blown-out shot of 4 pounds of black powder. Thirty per cent 
of shale in the mixture prevented ignition with coal C, 35 per cent 
prevented ignition with coal D, and 40 per cent prevented ignition 
with coal B. The mixture was not determined with coal A, but 40 
per cent of shale would probably be enough. 

These results show that coals A and B require the most shale to 
prevent ignition, as they did to prevent propagation. Coal D re- 
quires more shale in the ignition test than does coal (, the reverse of 
the conditions determined in the propagation tests. The differences 
between the coals are more marked in the ignition tests, but it is also 
true that the limiting mixtures were not determined as closely, and 
additional ignition tests might change the amount of shale necessary 
with coals 4 and D by amounts not in excess of 5 per cent. The 
values given above are on the safe side, however. 

Effect of gas in ignition tests —When gas is used in the air current 
in ignition tests the explosibility of the dust is increased, as in the 
propagation tests. The increase is such that 100 per cent of rock 
dust would be reached with 5 per cent of gas. No ignition tests 
with gas were made with Utah coals, but from the general results 
of experimental mine tests it is safe to say that under ignition-test 
conditions coals A and B would require 12 per cent, coal D 13 per 
cent, and coal C 14 per cent more of rock dust in the mixture for 
each per cent of gas in the air current. 


TABLE 6.—Percentaye of rock dust and total incombustible in mirturcea arhich 
will not ignite from a bloiwn-out shot of 4 pounds of black blasting powder 


Composition of safe mixture when gas is: ~ 
0 per cent 1 per cent 2 per cent 

Rock Incom- Rock Incom- Rock Incom- 
dust bustible dust bustible dust bustible 

40 47 A2 57 64 68 

40 49 al sy] (4 69 

30 30 44 | os 6A 

35 42 48 54 61 65 
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Table 6 gives the amounts of rock dust that must be added to 
prevent ignition. The corresponding total incombustible content of 
the mixed dust is also given, as the incombustible in the coal be- 
comes a larger and more important part of the total as the proportion 
of rock dust added is decreased. 


TESTS OF COAL-WATER MIXTURES 


Marimum amount of water absorbed by coal dust.—The amount 
of admixed water that coal dust will retain is limited and depends 
on the size of the dust. If a larger amount of water is used, the 
excess will settle down through the dust and if unconfined will drain 
away. ‘To determine the maximum amount of water that could be 
retained when mixed with Utah coals a test was made of coal C, 
the size of which is specified in the tabular statement on page 5. 
A uniform mixture containing 24 per cent of water was prepared 
and placed in a metal can. Sampling and determinations of moisture 
were carried on for 5 days. The moisture content at the top of the 
can dropped in 24 hours to about 20 per cent. It was therefore 
concluded that this percentage of water was the maximum amount 
that would be held by Utah dust of that size'after watering. Finer 
dust might hold a little more and coarser dust less. This is independ- 
ent of the further loss of moisture in the mine from the drying effect 
of the ventilating current. 

Propagation tests without gas.—Ten propagation tests were made 
of coal-water mixtures without gas. Nine were standard tests with a 
blown-out shot of black powder and pulverized Pittsburgh coal dust 
in the zone between the last cut-through and the face of the main 
entry. An explosive gas mixture confined in the dead end by a paper 
diaphragm was used to originate the explosion in the remaining 
test. The gas was ignited by firing three black-powder igniters at 
the face. Table 7 gives the results of the tests. 


TABLE 7.—Results of propagation tests with coal-icater miztures without gas 


| 


I Mixture as Flame 
prepared Pressure length 
Mois- sured 
Coal ture in mum 
Test No ised dust flame cannon Results 
as , itv 
Coal |Water | tested | Evso | A gso [Velocity 
Entry] .ourse 
Pa Per Per 
cent | cent cent | Lbs./in.?, Lbs./in.| Ft.fsec.| Feet | Feet 
1s) ee roe B.. 84 16 16.7 13 13 530 350 400 | Pro tion. 
TAG ke a eee Cu. 84 16 16.0 9 11 1, 800 350 400 De 
Tien cw ties woul D.. 84 16 19.8 4 4 800 | 350 400 Do. 
V4 0s oe eee nee A_. 80 21.5 06 1 80 | 150 250 Nonproresa™ 
733 _. B.. 80 20 20. 4 5 100 150 200 oO. 
Chie Te Souk SS i on 80 20 21.1 2 2 700 350 400 | Propagation. 
750. C.. 80 20 21.6 1 1 120 | 150 300 | Nonpropagation. 
7451 (Cr 80 20 21.0 15 14 900 350 400 | Pro tion. 
GN Tied Sotho sailor D.. 80 20 23.0 2 3 500 350 400 0. 
it (ne D.. 73 22 25. 6 5 1 40 | 125 150 | Nonpropagation. 
| 


1 Gas ignition in test 755 
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In considering the tests with water mixtures the fundamental 
difference between the action of water and rock dust should be 
kept in mind. Rock dust is effective because it produces an incom- 
bustible dust cloud. Water is effective because it prevents the forma- 
tion of a dust cloud. If the water present is not enough to prevent 
formation of a dust cloud, it is not effective. 

The reader will note that with coals A and D the moisture in the 
dust tested as determined by analysis was 2 to 4 per cent higher than 
the amount added. These coals contain 5 to 6 per cent of inherent 
moisture, which appears with the added water in the analysis. 

Coals B, C, and D were tested in mixtures containing 16 per cent 
of added water and propagation was invariably obtained (tests 
132, 746, and 737). When 20 per cent of water was used, coals 
A and B failed to give propagation (tests 745 and 733). A second 
trial was made with coal B (test 747), and complete propagation 
was obtained. A mixture of coal ( containing 20 per cent of added 
water failed to give propagation under standard conditions (test 
150). In test 755 an explosive gas mixture was used to ignite a 
mixture of this coal that contained 20 per cent of added water. A 
rapid, violent explosion resulted. An explosive gas mixture ignited 
al the face gives a heavy concussion and has greater dust-raising 
power than the blown-out shot from the cannon. This test proves 
that when dust containing 20 per cent of water is raised in the air 
it will propagate an explosion, and an ignition of gas under certain 
conditions will suffice both to raise and to ignite the wet dust. 

Coal D was tested in a mixture containing 20 per cent of added 
water (test 741) and gave complete propagation. It was tested 
again with 22 per cent of water (test 749) and failed to give propa- 
gation. | 

The conclusion must be drawn from these tests that water can 
not be relied on as a general preventive of coal-dust explosions. 
Dust that contained 20 per cent of moisture propagated an explosion 
in three out of six trials, and when gas was used as a primary source 
of ignition the explosion was violent and destructive. Wet dust 
is explosive, and only needs to be raised in the air to become as much 
of a menace as dry dust. Analyses of the samples taken in the single 
test with 22 per cent of added water showed that the dust was 
saturated and the mixture somewhat unstable. It is doubtful if this 
quantity of water could be retained for any great length of time. 

Although the above tests show that general watering in entries will 
hot prevent the spread of a well-developed explosion, the use of 
water at the face and on mining machines may readily prevent the 
initiation of an explosion from sources other than an ignition of gas. 
Water is effective in preventing the ignition of coal dust from weak 


fils of ignition, as the tests described in the next paragraph 
show, 
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Ignition tests without gas—Six ignition tests were made of coal- 
water mixtures without gas. Table 8 gives the results of these tests. 


TABLE 8.—Aesults of ignition tests with coal-icater mizcturcs without gas 


Flame 
Mixture as : length 
prepared Mois- Pressure ee measured 
4 vii 1 from cannon 
Test No. oo uieay flame ms Result 
used = dust as |_ Aloe 
tested | iy | 
E F Air 
4 ag ~ J Q: 4 . 
Coal | Wate- E9530 | A 950 ae eotirsé 
Per i cent, Per cent: Lbs.fin Lbs fin. Ftlsec.| Feet | Feet 
PUPS A ete he | ne 2 8 10.8 27 238 770 3) 400 | Ignition. 
PA te SID tne at ‘ (coer gr 8 10. 4 «5 .5 80 100 2m) | Nonignition. 
oe tS Aah a tien Ce cat: 90 10 12.9 ] ) een | Ree 100 125 Do. 
3s See ho ec ee |. re ON 10 14.3 2 2 350 350 400 | Ignition. 
748.0 ee ;/ ee 8S 12 17.1 25 .5 OD 100 175 | Noniguition. 
POU hice ee | | po SS 12 13. 4 .5 EI sae econ 75 125 Do. 


Ignition tests were made of mixtures of coals B and C containing 
8 per cent of added water. The total moisture in the dust was 10.8 
and 10.4 per cent, respectively. Ignition was not obtained in test 
754 with coal C, but a strong explosion developed in test 711 with 
coal B. Coal C’ had already been tried in test 752 with 10 per cent 
of added water, and ignition had not been obtained. Coal D gave 
ignition in test 738 with 10 per cent of added water (14.3 per cent 
of total moisture), but failed to do so in test 748 with 12 per cent 
of added water. The total moisture content of the dust was 17.1 
per cent in this test. Coal B also failed to give ignition in test 
136 with 12 per cent of added water, that made the total moisture 
content of the mixed dust 13.4 per cent. 

In general, 12 per cent of added moisture might be considered 
enough to prevent ignition of the wet dust from a blown-out shot 
of 4 pounds of black powder. This amount is probably close to the 
danger line for coal ), and a determination was not made with coal 
zl. It would therefore be best to consider 12 per cent as a minimum 
ralue, except with coal C, which was less sensitive to ignition when 
wet than the other two coals tested. Dust with this amount of water 
is nevertheless definitely explosive when raised in a cloud, as the 
propagation tests with wet dust showed. All that is necessary is 
to provide a concussion powerful enough to raise the dust cloud 
and a flame to ignite it when raised. The blown-out shot used in the 
present tests was not strong enough to raise and ignite the cloud, 
but the violent concussion that accompanied the ignition at the face 
of a small body of an explosive gas-air mixture doubtless would suf- 
fice to raise a dust cloud that would ignite and propagate a disastrous 
explosion. 

Hifect of gas on coal-iwater mirturcs.—The presence of gas in the 
air current was expected to increase the explosibility of wet dusts 
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as it did that of dry dust mixtures. The magnitude of the effect was 
doubtful, however, for if wetting the dust prevented any dust 
cloud from forming, the addition of gas would make little dif- 
ference until the lower explosive limit of the gas itself was ap- 
proached. On the other hand, if wetting the dust merely reduced 
the density of the dust cloud below that necessary for propagation 
of flame, the presence of gas in the air might serve to overcome this 
reduction. 

Two propagation and three ignition tests were made with coal- 
water mixtures with gas in the air current. The number was limited 
by exhaustion of the supply of coal sent for test. Table 9 gives 
the results of these tests. 


TaBLE 9.—Results of standard tests of coal-irater mirtures acith gas 


Flame 
Mixture as . : length 
prepared ue Pressure Maxi- Becta 
ure UM | from cannon 
Test No. 4 in dust | Gas flatne - Result 
used jo ns | Cveloe- 
tested ity F ; 
ee - - en- | Air 
Coal | Water E 950 | A 950 try | course 
Propagation Per | Per Per Per 
tests: cent | cent cent cent (Lbs fin! Lbs fin, Fl/sec.| Feet | Fert 
42.22} Blo. 80 20 21.0 1.5 6 7 530 | 350 400) | Propagation. 
435. _.......| B 76 24 21.9 1.5 1] 1 126 3500 400 Do. 
Ignition tests: 
Fie ue oo C... 90 10 12.7! 0.7 5 5 f00 | 300 400 | Ignition. 
737. ...| C...| 84 16 17.6) 11 re) OB cto teeth 58 100 | Nonignition. 
ri. See aes Cc 84 16 18.0 | 2. 1 5 5 100 100 100 Do. 


i ee 


Test 734, of a mixture of coal B containing 20 per cent of water, 
has little meaning, as propagation was obtained with a similar mix- 
ture without gas in a later test. (See Table 7, test 747.) A mixture 
containing 24 per cent of added water was prepared for test 735, but 
when the dust was distributed and samples were taken there was only 
an average of 21.9 per cent of total moisture in the dust. Fourteen 
hours passed between the preparation and the distribution of the 
dust, and the excess water had drained away. Conditions as to mois- 
ture and gas were then the same as in test 734, and propagation was 
obtained. 

In test 756 a mixture of coal C containing 10 per cent of added 
Water and 12.7 per cent of total moisture was tried with 0.7 per cent 
of gas, and ignition was obtained. This mixture had failed to give 
ignition with no gas in test 752 (sce Table 8). The added water was 
Increased to 16 per cent for tests 757 and 758, with 1.1 and 2.1 per 
cent of gas, respectively. Ignition was not obtained in either test. 

These results show that in the ignition tests additional water had 
lo be used to offset the effect of gas. Six per cent more of water was 
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enough tc offset 2 per cent of gas with coal C@, the only one tried. 
With tests that gave propagation, the entire amount of water the 
dust will hold sometimes fails as a preventive when no gas is present, 
and nothing further can be done when gas is present. 


SPECIAL TESTS WITH PURE COAL DUST 


Purpose of tests—In the foregoing tests the mixture of coal and 
shale dusts or wet coal dust was evenly distributed throughout the 
test zone. One-third of the dust was placed on overhead cross 
shelves, the arrangement best calculated to produce a dense and uni- 
form dust cloud when the cannon is fired. These conditions are not 
like those in the Utah mines in two respects: (1) Supporting the roof 
of entries there are few or no crossbars which could serve to collect 
dust and give a distribution similar to that obtained with the cross 
shelves in the experimental mine; (2) in haulage entries there is 
considerable spillage, and a strip as wide as the cars is covered with 
nearly pure coal dust mixed with fallen lumps. This strip is wet to 
keep the dust from spreading and to render it inert. 

Seven tests were made with special distribution and mixtures of 
dust of coal A in order to simulate as closely as possible haulageway 
conditions in the mines from which the ‘present samples were 
obtained. 

Arrangement of dust.—All the special tests were propagation tests, 
with the standard blown-out shot of 4 pounds and pulverized Pitts- 
burgh coal dust distributed from the last cut-through to the face of 
the main entry. The dust being tested was distributed in the last 
cut-through and toward the mouth, on both entry and air course, to 
the ends of the test zone. 

Pure coal dust or coal dust mixed with water was distributed, at 
the rate of 1 pound of coal dust per linear foot, on the floor only in 
a strip 5 feet wide along the center of the entry. Mixed coal and 
shale dust was distributed on the remainder of the floor and on the 
side shelves only. The mixed dust was distributed at the rate of 134 
pounds per linear foot, and 25 per cent of the total was on the side 
shelves. No dust was placed on the cross shelves. The condition 
was thus similar to an entry in which the floor and ribs had been 
rock-dusted and later contaminated by dust spilled from the moving 
cars. The purpose was to test the most dangerous conditions; there- 
fore mixtures containing 30 to 40 per cent of coal dust were used on 
the sides of the floor and the side shelves instead of pure rock dust. 
Gas was not used in these tests. 

Results of tests. —Table 10 gives the results of the seven tests. 
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TABLE 10.—Results of special propagation tests with coal A 


; Flame 
i Mixed dust on : 
Coal dust in 5foot | ““acor and side Pressure length 
strip shelves Mati- | measured ks 
mum from cannon 
ao _| flame |_ Results 
NO. | j l veluc- esu 
| Total Incom- ity En- Air 
! Coal | Water, mois-| Coal | Shale} busti-} E 950 | A 950 ree deur 
ture ble ry | cour “| 
Lbs./ | Lbs./ 
P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| P.ct in? in.? |Ft.j/sec.| Feet | Feet 
i | eee 100 OO} 46 30 70} 73.3 1 1 280 | 350 400 Hropogavion. 
rc, 100 0; &2)] 130 70 | 73.3 2 2 300 | 330 400 oO. 
. | an Yy2 8 | 11.4 30 7 73.3 1 2 300) 354) 400 Do. 
142000 90 10 | 13.3 30 La anes oe al Pager een, tees 120 | 125 225)N pprorseption: 
rc) oe 90 10 | 14.6 40) 60 (4.4 1 1 130 250 350 oO. 
143 90 10 | 12.8 (?) a) ae [eater | 1 40 125 225 Do. 
TS ot 92 8 9.9 (?) (2) ovensde 1 1 150 2A) 350 Do. 


1 The coal-shale mixture in test 739, was the same as in test 731, but the quantity was doubled. 
? None used. 


Before considering the results of the special tests the reader 
should note that the distribution of dust influences explosibility, 
largely because distribution affects the ease with which a dust cloud 
can be formed. A smaller amount of added shale clust is needed to 
prevent propagation when there is no dust on the cross shelves. 

In the first four special tests the mixed dust used contained 70 per 
cent of shale. This mixture would not propagate an explosion if 
loaded in the regular manner, and if distributed only on the side 
shelves and on the sides of the floor it would give a wider margin 
of safety. In the first test (731) there was pure coal dust in 
the center strip on the floor, and the explosion traveled along this 
strip to the ends of the test zone. In the next test (739) the quantity 
of mixed dust was doubled, but its composition was unchanged. The 
result was the same as in the first test. 

These two tests indicated that the shale in the mixed dust at 
the sides would not extinguish an explosion traveling through the 
pure coal dust in the center of the entry. The reason is probably 
that the mixed dust is not carried out to the center of the entry in 
a large enough quantity to have any value. Although there are eddy 
currents in the moving column of air and dust ahead of the flame, the 
movement in the center is mainly longitudinal. 

The next step was to treat the pure coal dust with water without 
changing the mixed dust. Eight per cent of water was added in test 
‘40, and complete propagation was again obtained. Ten per cent of 
added water was used in test 742, and the explosion died out after 
traveling 225 feet from the cannon. The moisture in this dust totaled 
13.3 per cent. 

After conditions which failed to give propagation had been found, 
the effect of increasing the percentage of coal in the mixed dust was 
determined. In test 744 the wet dust contained 10 per cent of added 
Water, and the mixed dust contained 40 per cent of coal. Propaga- 
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tion was not obtained, but the flame extended 350 feet from the can- 
non. This mixed dust would be definitely explosive under standard 
test conditions, but when distributed as in this test and used alone 
it would be close to the border line of explosibility and might fail 
to propagate. 

The conclusion drawn from the foregoing tests was that the pure 
or wet dust in the center of the floor was measurably independent 
of the mixed dust on the sides during an explosion. Two additional 
tests were made to test this conclusion. In test 743, pure coal dust 
with 10 per cent of water added was distributed and no mixed dust 
was used. The flame extension was the same as in test 742, in which 
mixed dust containing 70 per cent of shale was also used. In the 
last test (751) coal dust with 8 per cent of added water was used 
without mixed dust. Propagation was not obtained, but the flame 
reached a point 50 feet from the end of the air-course zone. Propa- 
gation had been obtained in test 740 with a combination of similar 
wet dust and mixed dust containing 70 per cent of shale. As the 
mixed dust is definitely nonexplosive, the difference in the results 
in tests 740 and 751 is ascribed to differences in the formation of the 
dust cloud in the two tests. The variation in flame lengths in tests 
742, 743, and 744 is probably due to the same cause, for it is much 
more difficult to produce and reproduce a uniform dust cloud with 
wet dust than with dry dust. 

The conclusion then is that the strip of coal dust in the center of 
the floor must be treated without reference to the sides and ribs. 
The dust on the ribs and roof and sides of the floor should contain 
the amount of incombustible material determined by the propagation 
tests of mixed dusts, while the pure coal strip on the floor should 
contain not less than 10 and preferably 12 per cent of added water. 
The total moisture content in this strip will then be 13 to 15 per 
cent with the four coals. It is not safe to depend in any way on 
the decreased explosibility caused by the absence of overhead timbers 
and hence the absence of timber dust, because of its uncertain appli- 
cation to operating conditions. 


COMPARISON OF THE EXPLOSIBILITY OF UTAH AND PITTSBURGH COAL 
DUSTS 


For a number of reasons Pittsburgh coal dust has been taken as 
the standard of explosibility in work at the experimental mine. 
The mine was developed in the Pittsburgh bed and the coal is always 
available in quantity. A thorough study of the properties of the 
coal has been made and results of the tests have been reported in 
Bulletins 167 ? and 268.3 Pittsburgh coal dust is also one of the most 


“Rice, G. S., Jones, L. M., Egy, W. I., and Greenwald, Hl. P., Coal-Dust Explosion 
Tests in the Icxperimental Mine, 1913 to 1918, Inclusive: Bull. 167, Bureau of Mines, 
1922, 639 pp. 

®Rice, GS. Paul, J. W., and Greenwald, H. P., Coal-Dust Explosion Tests in the 
experimental Mine, 1919 to 1924, Inclusive: Bull. 268, Bureau of Mines (in press). 
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explosive dusts found in the mines of the United States. To com- 
pare the results obtained with Pittsburgh and with Utah coal dusts 
is therefore a matter of interest. 

Explosion tests have shown that 63 per cent of incombustible is 
required in a mixture of 20-mesh (20 per cent 200-mesh) Pittsburgh 
coal dust and rock dust to prevent propagation of an explosion 
through it. The four Utah coals (A, B, C, and P) required 71, 
71, 70, and 66 per cent of incombustible, respectively, to prevent 
propagation through similar 20-mesh dust mixtures, and all are 
consequently more explosive than Pittsburgh coal dust. If the 
explosibility of Pittsburgh dust is taken as 100, that of the four 
Utah dusts is 113, 118, 111, and 105, respectively. The only coal 
previously tested that needed more than 66 per cent of incombustible 
was a Subbituminous coal from Montana, which required 69 per cent, 
and whose explosibility would be designated by the number 110 if 
the explosibility of Pittsburgh dust were taken as 100. Coals A, B, 
and ( are thus the most explosive ever tested at the experimental 
mine. 

The high degree of explosibility of the pure coal dust is not in any 
way offset by the natural conditions surrounding the formation of 
mine dust. As noted in the preface, the coal bed carries few impuri- 
ties and there is little admixture of inert particles from the floor 
or roof, hence the mine dust is always pure coal dust. This is in 
contrast with mines in the eastern and central coal fields, where 
incombustible material from clay or shale floor, roof, or partings may 
become mixed with the fine coal, resulting in a considerable increase 
: the incombustible content of the mine dust over that in the coal 

ust. 

Some of the Utah coals carry resin in flakes that can be picked 
out of the coal mass with ease. This resin, when isolated, is highly 
inflammable, and it was thought that presence of the resin might 
render a coal more explosive. Coal D, which carried a considerable 
amount of this resin, was selected, but the tests show that coal D was 
the least explosive of the four. The explanation is that, although 
the resin is readily seen because of its color and luster, the amount 
Present in proportion to the whole mass of the coal is too small to 
affect explosibility. 

SUMMARY 


The results of the tests of the four Utah coals and the conclusions 
drawn therefrom may be summarized as follows: | 

1. The four coals, A, B, C, and D, required 67, 66, 65, and 62 per 
cent, respectively, of rock dust in a mixture to prevent the con- 
‘nuance through them of a developed explosion in the absence of 
gas. The total incombustible content of these mixtures was 7 1, 71, 
(0, and 66 per cent, respectively, which includes the inherent mois- 
ture and ash of the coal. 
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2. Additional rock dust must be present when there is gas in the 
air current. For each per cent of gas present up to 5 per cent, 
there must be 7 per cent of additional rock dust with coals A, B, 
and C, and 8 per cent with coal D, to prevent continued propagation 
of a well-developed explosion, such as might originate from a gas 
explosion at the face of an entry. 

3. It follows that with 1 per cent of gas present the amount of 
shale dust present must be 74, 73, 72, and 70 per cent, respectively, 
for coals A, B, C, and D. 

4. When a weaker source of ignition, such as a blown-out shot of 
4 pounds of black blasting powder, is used, a smaller amount of rock 
dust 1s required in the mixture. 

5. Preventing direct ignition of the mixed dust from a blown-out 
shot of 4 pounds of black blasting powder in the absence of gas re- 
quired 30 per cent of rock dust in the mixture of coal C, 35 per cent 
with coal D, and 40 per cent with coal B. A determination was not 
made with coal A, but 40 per cent of rock dust would probably be 
enough. , 

6. For each per cent of gas in the air current an additional 12 per 
cent of rock dust for coals A and B, 13 per cent for coal D, and 14 
per cent for coal C will be required to prevent direct ignition of the 
dust from a blown-out shot of 4 pounds of black blasting powder. 

7. There is a maximum amount of water that coal dust will absorb 
when wet; it was found to be 20 per cent with coal C, and this figure 
can be used for all four coals. . 

8. Mixtures containing 20 per cent of added water propagated 
explosions in three of six trials. When the dust was ignited by an 
explosion of gas, the coal-dust explosion was violent and destructive. 

9. Twelve per cent of added water prevented the ignition from a 
blown-out shot of 4 pounds of black blasting powder, in the absence 
of gas, with all the coals except coal A, for which no such determina- 
tion was made. 

10. The number of gas tests with wet dusts was small, but a mix- 
ture of coal C' containing 16 per cent of added water failed to ignite 
with 2 per cent of gas in the air current. 

11. When there is a strip of more or less pure coal dust on the floor 
in the center of the entry (as from spillage) this strip must receive 
special consideration. Well rock-dusted ribs will not take care of it, 
and unless rock dust can be placed on overhead timbers or projec- 
tions extending entirely across the entry the center strip must be 
separately treated. 

12. The center strip required a minimum of 10 per cent of added 
water in the few tests made and the rock-dusted parts should be 
kept above the limit determined in the standard tests. 
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